RESUME
d e c r e a s e s s t r o n g l y ( 3 0 2 of t h e t o t a l i o n i c b u d g e t ) . Acids r e p r e s e n t t h e p r e p o n d e r a n t p a r t (HNO H SO and sometimes H C 1 b e i n g p r e s e n t i n v a r i a b l e p r o p o r t i o n s d e p e n d i n g o ?~' t g e t o c a t i o n ) . These s o l u b l e s p e c i e s r e p r e s e n t t h e g r e a t e s t p a r t of t o t a l i m p u r i t i e s ( 9 0 t o 95 f by mass).
The chemistry of t h e i c e deposited during t h e l a t e g l a c i a l age (18,000 years B.P.) i s more i n t r i c a t e . I n d e e d , i n s o l u b l e s p e c i e s ( i . e . a l u m i n o s i l i c a t e s ) content i s enhanced (50 f by mass, a g a i n s t 5 t o 10 f d u r i n g t h e H o l o c e n e ) . B e s i d e s , m a r i n e ( s e a s a l t ) and t e r r e s t r i a l (CaSO MgSO c o n t r i b u t i o n s i n c r e a s e whereas a c i d s c o n t r i b u t i o n remains s t a b l e . Sea s a f i (55 f ? , t e r r e s t r i a l s p e c i e s (25 f ) and a c i d s (20 f ) i s a t y p i c a l composition of s o l u b l e i m p u r i t i e s i n t h i s aged i c e .
The dependence of d e p o s i t i o n f l u x e s with t h e accumulation r a t e d e m o n s t r a t e s t h a t p a r t i c u l a t e i m p u r i t i e s ( i . e . s e a s a l t and H 0-H SO ) i n t h e a t m o s p h e r e a r e incorporated i n snow both by wet and d r y d e p o s i z i o n ? ~y~p i c a l l y , d r y d e p o s i t i o n r e p r e s e n t s 60-70 % of t h e t o t a l d e p o s i t i o n i n c e n t r a l a r e a s . On t h e o t h e r hand, t h i s f r a c t i o n seems t o be weaker f o r HN03 ( p r e s e n t i n g a s e o u s p h a s e i n t h e A n t a r c t i c a t m o s p h e r e )
. However, t h e i n c o r p o r a t i o n of HN03 i n snow remains poorly understood.
INTRODUCTION S u b s t a n c e s p r e s e n t i n p o l a r snow include i n s o l u b l e and s o l u b l e i m p u r i t i e s i n t h e l a t t i c e and g a s e s t r a p p e d i n b u b b l e s enclosed i n i c e . Permanent gases (CO f o r 2 i n s t a n c e ) do not i n t e r a c t with t h e i c e , t h i s q u e s t i o n i s s t i l l open c o n c e r n i n g t r a c e g a s e s (N20, f o r e x a m p l e ) . These q u e s t i o n s w i l l not be discussed i n t h i s paper.
I n s o l u b l e s p e c i e s p r e s e n t i n p o l a r snow and i c e a r e e s s e n t i a l l y i n t h e form of a l u m i n o s i l i c a t e s , and are emitted by c o n t i n e n t a l sources ( P e t i t e t a l . ( 1 ) ) . They a r e p r e s e n t a t a few p a r t s p e r b i l l i o n ( p p b ) l e v e l i n A n t a r c t i c snow l a y e r s deposited during t h e present c l i m a t i c conditions ( 0 t o 10,000 years B.P.) . Due t o an enhanced poleward t r a n s p o r t and a more d r y environment a t c o n t i n e n t s during t h e 18,000 years B.P. p e r i o d , concentrations can reach s e v e r a l h u n d r e d s ppb i n p o l a r snow d u r i n g t h i s t i m e period (Cragin e t a l . (21, P e t i t e t a l . ( 3 ) , De Angelis e t a l . ( 4 ) ) .
I n r e c e n t snow l a y e r s , s o l u b l e s p e c i e s ( a b l e t o l i b e r a t e i o n s i n meltwater) a r e p r e s e n t i n t h e range 1 t o 500 ppb i n most c a s e s and thereby r e p r e s e n t t h e g r e a t e s t p a r t ( i n mass) of t h e t o t a l content. Over $he l a s t few years, many q t u d i e s had been performed t o determine i o n s , among them Na , ~1 -, NOg , SO4 and H , i n meltwater, b u t t h e s e s t u d i e s were never comprehensive.
+ + + ++ ++ More r e c e n t l y , a very-clos-e balance_-between c a t i o n s ( i . e . Na , MI4 , K ,Ca ,Mg , and H ) and anions (C1 , NO3 and SO ) was obtained i n meltwater of shallow snow layers a t t h e South Pole (Legrand an% Delmas ( 5 ) ) , a t s e v e r a l l o c a t i o n s i n A d e l i e Land (Legrand and De lmas ( 6 ) ) and of core s e c t i o n s from t h e 2000 m deep Byrd i c e c o r e ( P a l a i s and Legrand ( 7 ) ) . These s t u d i e s have demonstrated t h a t t h e m a j o r i t y o f t h e s o l u b l e i m p u r i t i e s i s i n t h e form o f a c i d s ( i . e . HC1,HNO and H SO i n 3 2 4 v a r i a b l e proportions depending on t h e l o c a t i o n ) e x c e p t n e a r t h e c o a s t where t h e s e a s a l t i s p r e d o m i n a n t . B e s i d e s t h e c h e m i s t r y of t h e i c e deposited during t h e l a t e g l a c i a l maximum (18,000 y e a r s B.P.) i s g e n e r a l l y more i n t r i c a t e (Legrand ( 8 ) ) . F i r s t we examine t h e i o n i c balance. Then we present a l i s t of c h e m i c a l compounds p r e s e n t i n snow d e p o s i t e d d u r i n g r e c e n t y e a r s , but a l s o during t h e l a t e g l a c i a l maximum. Second, i n order t o have an overview, we r e p o r t on t h e s p a t i a l v a r i a t i o n s of snow c o m p o s i t i o n (Byrd i n West A n t a r c t i c a , South Pole i n Central A n t a r c t i c a , Dome C and few l o c a t i o n s of Adelie Land i n East A n t a r c t i c a ) . A comparison w i t h Greenland i s a l s o e s t a b l i s h e d . T h i r d , we s t u d y t h e f a l l o u t v a r i a t i o n of some compounds with accumulation r a t e and d i s c u s s b r i e f l y t h e i n c o r p o r a t i o n of t h e s e i m p u r i t i e s i n snow, t a k i n g i n t o account t h e i r physical s t a t e s i n the atmosphere.
EXPERIMENTAL
I n o r d e r + t o e s t a b l i g h the+ i o p i c b+$lan$p of-meltwater, we-Lave determined a l l ions e x c e p t H ( i . e . Na , NH4 , K , Ca , M g , C1 , NO3 and SO4 ) by ion chromatography (I.C.) with a t y p i c a l a n a l y t i c a l p r e c i s i o n of 5-10 2 i n most c a s e s (Legrand e t a l . ( 9 ) ) . Based on the i o n i c exchange between a l i q u i d phase (meltwater sample and e l u e n t ) and t h e s t a t i o n a r y phase ( r e s i n ) , t h i s method i s supposed t o measure only t h e s o l u b l e p a r t of an element ( o r compound) p r e s e n t i n t h e meltwater. However we have noted t h a t sodium is an exception t o t h i s r u l e . Indeed, a s w i l l be d i s c u s s e d l a t e r , i n A n t a r c t i c i c e and p a r t i c u l a r l y during t h e g l a c i a l a g e , t h i s element i s produced both by s e a s a l t and t e r r e s t r i a l d u s t . In a core s e c t i o n from Dome C ( a t 530 m d e p t h i . e . 1 7 , 5 0 0 y e a r s B.P.) we h a v e measured Na, Ca, M g and K by ion chromatography and two o t h e r methods which a r e assumed t o measure t h e t o t a l content (neutronic a c t i v a t i o n N.A. and atomic absorption A.A.). These measurements a r e performed both i n t h e meltwater and i n t h e f i l t e r e d sample (using a 1 0 . 4 ym p o r o s i t y f i l t e r ) . As c l e a r l y pointed i n Table 1, t h e t e r r e s t r i a l c o n t r i b u t i o n 1 s h e r e s i g n i f i c a n t ( a s suggested by t h e aluminium c o n t e n t ) and t h e c r u s t a l d e r i v e d sodium i s i n s o l u b l e i n meltwater, but i s completely dissolved when passing through t h e i o n c h r o m a t o g r a p h i c columns. T h i s phenomenon i s n o t o b s e r v e d w i t h o t h e r e l e m e n t s
f o r which t h e ion chromatography measures only t h e s o l u b l e p a r t . W e have t h e r e f o r e d e t e r m i n e d aluminium c o n t e n t by n e u t r o n i c a c t i v a t i o n when t h e t e r r e s t r i a l c o n t r i b u t i o n becomes s i g n i f i c a n t and c o r r e c t e d our sodium values by s u b t r a c t i n g t h e c r u s t a l c o n t r i b u t i o n evaluated by t h e r e l a t i o n s h i p :
NaT = 0.25 A 1 ( i n ppb) where 0.25 is Na/A1 i n t h e mean c r u s t a l composition (Taylor 1964 (10)) Table 1 : Sodium, Calcium, Magnesium, Potassium and Aluminium content ( i n ppb) obtained i n meltwater and t h e corresponding f i l t e r e d sample ( 1 0 . 4 pm) by s e v e r a l a n a l y t i c a l methods
Beside t h e s e major i o l s present a t l e a s t a t 1 ppb l e v e l , o t h e r ions such a s F-, ~r ; NO2 I HCO0,and CH COO were found t o be below t h e l i m i t of d e t e c t i o n i n Antarctic snow ( t h a t i s t o Jay a t maximum content of few t e n t h s of ppb (Legrand ( 9 ) ) . 
i d formed modifies t h e i n i t i a l H content of snow. Therefore t h e usual measure+ment o f pH i n t h e m e l t w a t e r does n o t o f f e r a s a t i s f a c t o r y d e s c r i p t i o n of t h e H content i n o r d e r t o e s t a b l i s h t h e i o n i c balance of snow. So we have used an a c i d t i t r a t i o n method which e l i m i n a t s t h e i

IONIC BALANCE AND ORIGIN OF IONS With t h e aim o f s t u d y i n g t h e i o n i c budget i t i s convenient t o c a l c u l a t e on each
sample t h e two following parameters AC (which i s used t o examine how w e l l t h e sum of c a t i o n s b a l a n c e s t h e sum o f a n i o n s ) and z (which r e p r e s e n t s t h e t o t a l i o n i c burden) :
( w i t h c o n c e n t r a t i o n s expressed i n pEq . 1-I )
As a b o v e m e n t i o n e d ( s e e a n a l y t i c a l s e c t i o n ) o u r sodium v a l u e s i n t h e s e two e q u a t i o n s h a v e b e e n c o r r e c t e d w i t h r e g a r d t o t h e t e r r e s t r i a l c o n t r i b u t i o n , whenever i t is necessary.
I n t h e m a j o r i t y o f our samples, t h e AC i s v e r y low (( 0 . 7 pEq. 1-I i . e . l e s s than 10 % o f z ) ( a n example i s g i v e n i n f i g u r e 2 ) . Therefore t a k i n g i n t o account experimental e r r o r s , a l l samples a r e i n i o n i c b a l a n c e and we can w r i t e : 
o f t h e i o n i c b u d g e t , s e e T a b l e ) i t wi.11 b e n e g l e c t e d i n t h e n e x t e q u a t i o n s . Samples showing i o n i c b a l a n c e i s a s t r o n g i n d i c a t i o n t h a t a l l s i g n i f i c a n t s o l u b l e s p e c i e s have been i d e n t i f i e d . From t h e s e s a m p l e s we w i l l t r y t o determine i n what compounds t h e i o n s were a s s o c i a t e d i n t h e atmosphere. With t h i s aim, l e t us d i s t i n g u i s h t h e snow corresponding a t r e c e n t years from t h e i c e d e p o s i t e d 18
,000 y e a r s B.P. 
T a b l e 2 : I o n i c d i s t r i b u t i o n ( i n pEq. 1 -l ) p d ~_t/Na r a t i o ( r ) a t v a r i o u s l o c a t i o n s (A i s t h e accumulation r a t e i n g.cm .yr ) . Other numbers w r i t t e n i n p a r e n t h e s e s r e p r e s e n t t h e non s e a s a l t c o n t r i b u t i o n o f t h e i o N n o t a t i o n i s u s e d when t h e c o n c e n t r a t i o n i s Lower
Recent y e a r s
According t o t h e t+e+miny$ogy-used in-geochemistry, we have c a l l e d excess -XI noted X* ( w i t h x=K+, Ca , Mg , C 1 o r SO4 ) t h e non s e a s a l t c o n t r i b u t i o n of an i o n X.
By s u b t r a c t i n g t h e s e a s a l t c o n t r i b u t i o n from t h e e q u a t i o n (4) we o b t a i n :
As Therefore i n c o a s t a l a r e a s , t h e s o l u b l e s p e c i e s e s s e n t i a l l y o r i g i n a t e from s e a s a l t and from two a c i d s ( n i t r i c and s u l f u r i c ) .
I
++ ++
At Dome C, s i g n i f i c a n t e x c e s s o f Ca , Mg and i n a l e s s degree K+ i s observed
during t h e l a t e g l a c i a l maximum (L.G.M.) while t h e Cl/Na r a t i o remains v e r y c l o s e t o t h e 1 . 8 r e f e r e n c e value (Table 2 ) . In t h i s c a s e , e q u a t i o n ( 5 ) becomes :
Moreover, t h e good c o r r e l a t i o n s observed between t h e calcium and magnesium e x c e s s and t h e aluminium c o n t e n t (0.93 and 0.80, r e s p e c t i v e l y , f o r 16 samples) suggest s t r o n g l y t h a t t h e s e excess v a l u e s o f a l k a l i n e s o i l h a v e a t e r r e s t r i a l o r i g i n . T e r r e s t r i a l d u s t c o n t a i n s u s u a l l y s i g n i f i c a n t amount of s o l u b l e s p e c i e s such a s t h e p o s s i b l e presence i d e n t i f y t h e chemical we cannot d i s t i n g u i s h b e t w e e n t h e p r e s e n c e o f a m i x t u r e "CaC03,H2S04", c a s e C, Fig. 2 
) and t h e only CaS04 . ( c a s e A ) i n t h e i c e , because during t h e m e l t i n g s t e p H2S04 and CaCO r e a c t a c c o r d~n g t o t h e r e a c t i o n : 3 On one o f t h e s e c o r e s e c t i o n s we h a v e p e r f o r m e d CO measurements both by d r y 2 e x t r a c t i o n method (14) (which measures t h e CO c o n t e n t of t h e bubbles) and by wet 2 e x t r a c t i o n ( 1 4 ) (which measures t h e t o t a l CO both from t h e bubbles and r e l e a s e d 2 from t h e l a t t i c e ) . No s i g n i f i c a n t d i f f e r e n c e i s observed, and we c a n d i s c a r d t h e t h i r d assumption r e p o r t e d i n F i g u r e 2. This absence of n a t u r a l carbonates and some o t h e r geochemical c o n s i d e r a t i o n s (Legrand ( 8 ) ) a 1 low u s t o s u g g e s t t h a t t h e s e a l k a l i n e s o i l -e x c e s s e s a r e a s s o c i a t e d w i t h b o t h s u l f a t e and n i t r a t e ( c a s e B , Figure 2 ) . These d a t a demonstrate t h a t t h e i c e d e p o s i t e d i n c e n t r a l A n t a r c t i c a during t h e l a t e g l a c i a l maximum c o n t a i n s s e a s a l t , t e r r e s t r i a l s a l t s (mainly CaSO and MgSO ) and two a c i d s (HN03 and H SO
). 4 4 2 4
SPATIAL AND TEMPORAL VARIATIONS OF SNOW AND ICE CHEMISTRY As d i s c u s s e d above i n d e t a i l , t h e bulk impurity composition of i c e c o r e s c o n s i s t s of m i c r o p a r t i c l e s (mainly a l u m i n o s i l i c a t e s , i n s o l u b l e i n w a t e r ) , sga_ s a j $ (m+a+inly.
NaCl w i t h s o m e t i m e s s i g n i f i c a n t amounts of Na SO4 and some SO4 , Ca ,Mg and K + ) , t e r r e s t r i a l s a l t s (CaSO ,MgSO ) and a c i d s (&NO H SO and sometimes HC1). I n 4 4 . 
' 2 4 t h i s s e c t i o n we examine t h e respective c o n t r i b u t i o n o f e a c h f r a c t i o n and i t s s p a t i a l and t e m p o r a l v a r i a t i o n . F i r s t , f o r each l o c a t i o n we have e v a l u a t e d t h e
n t u s i n g t h e composition of mean c r u s t as proposed by Taylor ( 1 0 ) . Second, t h e c o n t r i b u t i o n s o f s e a s a l t , t e r r e s t r i a l s a l t s and a c i d s t o t h e s o l u b l e p a r t have been c a l c u l a t e d i n East A n t a r c t i c a w i t h o u r d a t a (Table 2 ) . I n o r d e r t o add t o t h e p i c t u r e , we h a v e a l s o u s e d d a t a o b t a i n e d by P a l a i s and
Legrand ( 7 ) a t Byrd (1530 m e l e v a t i o n , i n West A n t a r c t i c a ) .
During t h e Holocene s t a g e , i n s o l u b l e s p e c i e s r e p r e s e n t only 5 t o 10 2 of t h e t o t a l mass a t e a c h l o c a t i o n ( T a b l e 3 ) . I n t h e same way, t e r r e s t r i a l s a l t s d o n o t c o n t r i b u t e s i g n i f i c a n t l y t o t h e s o l u b l e p a r t . I n t y p i c a l c o a s t a l a r e a s , s e a s a l t i s predominant ( 8 5 2 of t h e i o n i c budget) but t h i s c o n t r i b u t i o n d e c r e a s e s r a p i d l y
i n more c e n t r a l a r e a s . I n d e e d , above 2000 m e l e v a t i o n , t h e a c i d c o n t r i b u t i o n becomes p r e d o m i n a n t ( u p t o 70-80 2 of t h e i o n i c b u d g e t ) . The a c i d c o n t r i b u t i o n r e m a i n s s t a b l e i n a l l l o c a t i o n s , b u t due t o a l a r g e s c a t t e r i n g of HC1 and HNO 3 c o n t e n t , we can observe some important v a r i a t i o n s of t h e i r compositions ( s e e Table  3 ) . (Table 3 ) . W e can observe t h a t t h e i n s o l u b l e p a r t is more i m p o r t a n t i n G r e e n l a n d t h a n i n A n t a r c t i c a . Another important d i f f e r e n c e is t h e s i g n i f i c a n t
o n t i n e n t a l i n f luenc$ %n % r e e n l a n d t h a n i n A n t a r c t i c a .
D u r i n g t h e l a t e g l a c i a l maximum, i n s o l u b l e s p e c i e s ( a s suggested by t h e Aluminium p r o f i l e , s e e Figure 2 ) and i n a l e s s degree ( s e e 2 on F i g u r e 2 ) s o l u b l e s p e c i e s show h i g h e r c o n c e n t r a t i o n s than d u r i n g t h e Holocene s t a g e . I n t h i s i c e t i n s o l u b l e s p e c i e s become predominant, r e p r e s e n t i n g a good h a l f o f t h e t o t a l m a s s . I n t h e same way, t e r r e s t r i a l s a l t c o n t e n t s which a r e i n s i g n i f i c a n t during t h e Holocene s t a g e r e p r e s e n t h e r e 25 2 o
f t h e i o n i c b u d g e t . The s e a s a l t c o n t r i b u t i o n i s doubled (50 b f t h e i o n i c budget) while t h e a c i d c o n t r i b u t i o n i s reduced t o 20 2 .
U n t i l now, no c o m p r e h e n s i v e s t u d y of t h e i c e s t a g e h a s b e e n p e r f o r m e d i n G r e e n l a n d , but s e v e r a l s t u d i e s have pointed t o a s t r o n g c o n t r i b u t i o n of a l k a l i n e , C a -r i c h , d u s t . It i s a l s o i m p o r t a n t t o n o t i c e t h a t i n t h i s i c e t h e a c i d c o n t r i b u t i o n i s r e d u c e d t o z e r o , a s s u g g e s t e d by t h e e x t r e m e l y low c u r r e n t s observed by Hammer (17) and Hammer e t a l . (21) . N n o t a t i o n i s used when t h e f r a c t i o n i s lower than 1 A . Tables 2 and 3 can be strongly modified during high volcanic a c t i v i t y periods. After an e r u p t i o n of g l o b a l s i g n i f i c a n c e -i t is generally observed an increase i n t h e H 2 SO 4 content of i c e both i n Greenland and A n t a r c t i c a ( s e e , a s an example, t h e p e r t u r b a t i o n occurring a f t e r the Agung (8's) eruption i n Figure 1 ) . Moreover, l o c a l eruptions can d i s t u r b t h e HC1 and HF c o n t r i b u t i o n of the i c e . This is p a r t i c u l a r l y t r u e f o r Greenland (Hammer (17)) which i s surrounded by important volcanic centres (Alaska, Kamtchatka and Ice land).
I t i s useful t o keep i n mind t h a t chemical compositions reported i n
INCORPORATION OF IMPURITIES I N THE ICE
I n p r e c e d i n g s e c t i o n s we have i d e n t i f i e d major chemical compounds present i n the ice.But i t i s a l s o useful t o have an idea of t h e l o c a l i z a t i o n of these i m p u r i t i e s i n t h e l a t t i c e . It i s g e n e r a l l y p r o p o s e d , b u t no p r o v e d , t h a t impurities a r e l o c a t e d a t g r a i n boundaries. Indeed, due t o the r e c r y s t a l l i z a t i o n processes i n t h e i c e s h e e t , impurities should be located on t h e o u t s i d e of t h e grain. However, t h i s phenomena could be very d i f f e r e n t depending on the composition of compounds and a l s o on the inclusion mechanism i n the snow f l a k e s . iiv: a Y -i n t e r c e p t o f 0.5 and 1 . 6 kg.kmd.yr-' f o r s e a s a l t and H2S04 r e s p e c t i v e l y .
Because we don't know t h e r e l a t i o n s h i p between @ and A a t v e r y low a c c u m u l a t i o n r a t e s , t h e assumption t h a t t h e Y -i n t e r c e p t r e p r e s e n t s the d r y f l u x i s strongly debatable. However a t Dome C a maximum bf 60 % of sea s a l t and 70 2 of H2S04 can be deposited d i r e c t l y on t h e snow surface. For n i t r a t e fluxes a large s c a t t e r i n g can be observed (Figure 31 , which may b e due t o t h e uneven a t m o s p h e r i c c o n c e n t r a t i o n s o f t h i s compound (Legrand and Delmas ( 1 8 ) ) . However, a s shown i n F i g u r e 3 , t h e r a t h e r low v a l u e s o f t h e Y-intercept s u g g e s t s low d r y d e p o s i t i o n o f t h i s canpound. Assuming t h a t t h i s low v a l u e i s r e a l , HNO i s e s s e n t i a l l y trapped i n snow f l a k e s . Therefore t h e i n c o r p o r a t i o n of HNO and 3 H SJ seem t o be d i f f e r e n t . This d i f f e r e n c e could be explained by t h e p h y s i c a l form w k c k is v e r y d i f f e r e n t f o r t h e s e two compounds i n t h e A n t a r c t i c atmosphere. Indeed H SO i s p r e s e n t a s small d r o p l e t s o f hydrated s u l f u r i c a c i d (Shaw ( 1 9 ) ) fixed on 2 4 l a r g e s o l i d p a r t i c l e s ( s e a s a l t o r t e r r e s t r i a l d u s t (Kumai ( 2 0 ) ) . In c o n t r a s t , HN03, which i s n o t observed on a e r o s o l s i n t h e A n t a r c t i c atmosphere, i s probably p r e s e n t i n g a s e o u s p h a s e ( a s a l s o suggested by thermodynamic arguments). Moreover HN03 i s extremely s o l u b l e i n water.
These a r g u m e n t s c o u l d e x p l a i n t h e r e l a t i v e l y high f r a c t i o n of wet d e p o s i t i o n . F u r t h e r experiments i n t h e atmosphere and on f r e s h . snow f l a k e s a r e needed t o understand t h e i n c o r p o r a t i o n o f n i t r i c a c i d i n snow. M~+ + , H+) and a n i o n s (C1 , N O 3 , SO4 ) g e n e r a l l y observed suggests t h a t we have s t u d i e d a l l ions p r e s e n t i n A n t a r c t i c p r e c i p i t a t i o n . The p r e s e n c e o f s e a s a l t , t h r e e m i n e r a l a c i d s (HNO H SO and HC1) and sometimes t e r r e s t r i a l s a l t s is demonstrated. The r e l a t i v e 3 c b n % r i b u t i o n o f e a c h c h e m i c a l compound i s v a r i a b l e , d e p e n d i n g on t h e l o c a t i o n and t h e considered time p e r i o d , but t h e important r o l e of a c i d s i n snow d e p o s i t e d i n t h e c e n t r a l p l a t e a u during r e c e n t y e a r s i s c l e a r l y d e m o n s t r a t e d . The i n c o r p o r a t i o n o f t h e s e i m p u r i t i e s i n snow i s s t i l l n o t well understood and is probably v e r y d i f f e r e n t depending on t h e i r p h y s i c a l s t a t e i n t h e atmosphere ( a e r o s o l o r g a s ) .
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